The present systematic review and meta-analysis was performed to explore the possible effect of bariatric surgery on semen parameters.
Background
Obesity is an increasingly serious public health problem worldwide, and is associated with multiple health problems, including increased risk for cardiovascular disorders, diabetes, and reduced life expectancy [1] . In the USA, about one-third of adult men are obese and 3% are morbidly obese [2] . Obesity is also reported to be associated with reproductive abnormalities, which included hypogonadism [3] , impaired sperm quality [4] , and diminished sexual quality of life [5] .
Although behavioral and pharmacologic weight-loss therapies are well-established, bariatric surgery has proven to be an effective treatment strategy in treating obesity, and was associated with improved quality of life and comorbidities [6] . Based on data from the American Society of Metabolic and Bariatric Surgery, approximately 19 600 bariatric surgeries were conducted in 2015 in the USA [7] . The most commonly conducted bariatric surgical procedures are Roux-en-Y gastric bypass, sleeve gastrectomy, and laparoscopic adjustable gastric band [8] .
There have been several investigations reporting abnormalities in semen parameters associated with obesity [9] , and a higher risk of subfertility is demonstrated among couples in which the male is obese [10] . Several hypotheses have also been established to interpret the deleterious effects of obesity on male fertility potential and seminal parameters, including the abnormal release of reproductive hormones, sleep apnea, and the abnormal adipose-derived hormone releases [10] . Although the impact of life modification, including diet and vitamin supplementation, may be beneficial in weight loss and restoring male fertility potential, there is still controversy regarding the effect of excess weight loss, especially via bariatric surgeries, on male fertility and semen quality. Several studies have been published to evaluate its clinical effect on male fertility preservation and seminal parameters, but the results were conflicting. Therefore, we performed the present study using systematic evaluation and meta-analysis to provide a more precise and comprehensive estimation of the effect of bariatric surgery on male fertility restoration, while focusing on conventional seminal parameters postoperatively.
Material and Methods
The preferred reporting items for systematic reviews and metaanalysis (PRISMA) was applied to conduct the present metaanalysis [11] .
Literature search
We performed a literature search from database inception before March 31, 2018 from Cochrane Library, PUBMED, EMBASE, MEDLINE, and CNKI databases. The keywords used for searching were "bariatric surgery," "semen," "sperm", "obesity", alone or with different combinations. The titles and abstracts of articles were evaluated for possible enrollment after acquiring the preliminary results. Then full-text articles were evaluated for the final inclusion. A cited reference search was also conducted from the eligible articles obtained via the prior keyword search. Articles identified via the reference search were then assessed using the study selection criteria for possible enrollment. The reference search was also conducted on all newly obtained articles until no new articles were identified. Two investigators (Yong Wei and Quanbing Chen) conducted the screening process independently, and any possible disagreement was resolved by discussion. The patient, intervention, comparison, outcome (PICO) question for this study is as follows: in males who underwent bariatric surgeries (P), do the surgeries (I) affect semen quality (O) compared with the baseline data (C)?
Inclusion criteria
Study design: Randomized controlled trials and non-randomized controlled trials, prospective or retrospective cohort and case-control studies, case series comparing the seminal parameters after the bariatric and before surgeries were included in our meta-analysis, with quantitative data available on related outcome measures. Type of participants: Male patients who underwent bariatric surgeries (Roux-en-Y gastric bypass, sleeve gastrectomy, and laparoscopic adjustable gastric band) were included in the present study.
Type of interventions: Semen parameters for bariatric surgeries postoperatively versus semen parameters preoperatively.
Type of outcome measures: Semen parameters including semen volume, semen concentration, semen progressive motility, and semen normal morphology.
Exclusion criteria: Studies with (1) incomplete data; (2) reviews, animal experiments, comments, editorials, letters, and congresses; (3) data not available.
Evidence quality assessment: Two reviewers (Yong Wei and Quanbing Chen) applied the Newcastle-Ottawa Scale (NOS) [12] independently to evaluate the article quality of the enrolled studies. Studies with a quality score of more than 5 in the NOS 9-scale system were considered high quality.
Study enrollment and data extraction: Two individuals (Yong Wei and Quanbing Chen) evaluated articles for possible enrollment independently according to the inclusion and exclusion criteria and extracted the related article data, including study design, year of publication, first author name, and related data in the 2 approaches on outcome measures. Any discrepancy was resolved by discussion between the 2 authors.
Statistical analysis
STATA software (version 12.0; Stata corporation, College Station, TX, USA) was used to conduct the systematic review and metaanalysis. Heterogeneity among the included studies was calculated and defined as Q test or I 2 value. The heterogeneity was considered non-significant if P>0.1 or I 2 <40%. The fixedeffects model was applied if there was no heterogeneity among the studies; otherwise, we used the random-effects model. The standardized mean difference (SMD) was calculated for outcome measures. Publication bias was calculated using Begg ' s funnel plots and Egger's test. A value of " Pr>|z|'' less than 0.05 for Begg's funnel plots or a value of ''P>|t|'' less than 0.05 for Egger's test was defined as positive publication bias. We predefined subgroup analysis by study design and bariatric surgery procedures. Sensitivity analysis was conducted by sequentially omitting each individual study at a time to evaluate the effect of each study on the pooled SMDs. We checked this metaanalysis using the PRISMA 2009 Checklist.
Results
Characteristics of the included studies and evidence quality assessment A total of 104 published articles were acquired based on the publication search strategy. A total of 97 articles defined as reviews or fundamental researches or unrelated publications were then excluded. Based on the exclusion criteria, 1 study with insufficient data extracted was also excluded [13] . We were unable to identify any additional studies after manually screening of the reference lists of the included studies. In total, 6 publications were included that fulfilled the inclusion criteria [14] [15] [16] [17] [18] [19] . Of the included studies, 3 were from Europe [14, 15, 18] , 1 was from Brazil [16] , 1 was from the USA [17] , and 1 was from Qatar [19] . The general information of these studies, as well as the differential study design and outcome measures among the included studies are demonstrated in Table 1 . The patient source of 2 studies was from obesity clinics [15, 16] , 3 studies were from infertility clinics [14, 18, 19] , and 1 was not available [17] . Four studies were of prospective study design [15] [16] [17] 19 ] and 2 studies were case series [14, 18] . All but 1 study [17] failed to report the power calculation method. Of the 4 studies with prospective study design, 2 had no control group [17, 19] . Moreover, 2 studies failed to report adequate outcome measures [14, 18] . One study [14] was grouped as low quality, and the 5 studies were grouped as high-quality studies. The flow diagram is shown in Figure 1 .
Meta-analysis results

Semen volume
Four studies reporting semen volume were included in the metaanalysis. The pooled SMD based on 3 studies demonstrated that there was an evident increase (0.583 ml) in semen volume after the gastric bypass surgery (after the surgery versus before the surgery, SMD (95%CI)=0.583 (0.121-1.045), p=0.013), yet it was not confirmed in the overall analysis and subgroup sleeve gastrectomy (after the surgery vs. before the surgery, overall SMD (95%CI)=0.159 (-0.147-0.466), p=0.308, sleeve gastrectomy, 1 study, SMD (95%CI)=-0.174 (-0.583-0.236), p=0.406). All included studies reporting semen volume were prospective (after the surgery vs. before the surgery, overall SMD (95%CI)=0.159 (-0.147-0.466), p=0.308). The heterogeneity in the gastric subgroup (I-squared ranged 57.1%) was relatively lower than the overall heterogeneity (I-squared 71.3%), revealing the surgical method partly explained the source of heterogeneity ( Figure 2A , 2B, and Table 2 ).
Semen concentration
In the analysis of the 6included articles evaluating the possible seminal concentration improvement after the bariatric surgery, the overall and subgroup SMDS indicated that seminal concentration remained unchanged after the bariatric surgery Table 2 ). Moreover, the heterogeneity examination showed relative homogeneity among the studies, both in the overall and subgroup analysis (I 2 ranged from 0.0% to 28.1%).
Semen progressive motility
Pooled analyses were also performed in the enrolled articles with the evaluation of seminal progressive motility. Pooled analysis of the 4 prospective studies showed that no heterogeneity existed (I-squared 0.0%) and indicated that there was no statistical increase in semen progressive motility after the bariatric surgery intervention (SMD (95%CI)=0.179 (-0.123-0.481), p=0.244). A similar trend was also observed in the overall and case series subgroup (overall SMD (95%CI Figure 2E , 2F, and Table 2 ).
Semen normal morphology
In the pooled analysis of semen normal morphology, the metaanalysis based on the studies of prospective study design and sleeve gastrectomy subgroup revealed that there was a significant increase in semen normal morphology after the surgery (prospective study, SMD (95%CI)=0.385 (0.074-0.697), p=0.015, sleeve gastrectomy, SMD (95%CI)=0.880 (0.465-1.296), p=0.000, overall, SMD (95%CI)=0.372 (0.068-1677), p=0.017). However, this trend was not observed in other subgroup analyses (case series, SMD (95%CI)=0.088 (-1.371-1.546), p=0.906, gastric bypass, SMD (95%CI)=-0.219 (-0.668-0.229), p=0.338). Furthermore, a relatively high heterogeneity also existed among the studies (I-squared from 0.0% to 82.4%) ( Figure 2G , 2H, and Table 2 ).
Assessment of publication bias and sensitivity analyses
Sensitivity analyses was conducted to determine the influence of any individual study on the overall estimate, and no significant changes occurred on the corresponding SMDs. 
Discussion
Bariatric surgery, including gastric bypass and sleeve gastrectomy, is an effective method to achieve weight loss. The purpose of the present study was to evaluate the influence of the operation on improving seminal parameters. Bariatric surgery is highly successful in inducing weight loss and treating morbid obesity, but only a few small studies have investigated the possible beneficial effect of bariatric surgery on male fertility and seminal parameters, and the results were controversial. Thus, we performed this quantitative analysis based on a meta-analysis to pool the limited studies for a more comprehensive pooled estimation.
In women, the effects of obesity on reproductive function are readily evident and extensively studied. On the contrary, the possible negative effects of obesity on reproductive function in males have been relatively less studied. The biologic basis for the association between weight loss and changes in sperm parameters is likely multifactorial, and different hypotheses have been proposed established. First, the hormonal changes associated with obesity likely play an important role. The hormonal profile in obese males is often characterized by decreased testosterone levels and increased estrogen levels. The increased estrogen levels act on the hypothalamus, negatively affecting the release of gonadotrophin-releasing hormone (GnRH) and gonadotrophin (FSH and LH) at the pituitary level, which results in the reduction of testosterone and reduced testicular function. In addition, excess estrogen has a direct deleterious effect on spermatogenesis [20] . Second, several environmental toxic substances and liposoluble endocrine disruptors present a preferential accumulation in the fatty tissue, thus impairing male fertility potential [21] . The increased testicular local heat associated with obesity can severely affect sperm production, and altered sexual health and genetic abnormalities also seem to play a role [22] . Of the 6 enrolled studies, only a percentage of the surgical patients had a normal baseline seminal analysis, which further indicates the possible negative effect of obesity on male fertility.
Between 1990 and 2000, the US national annual rate of bariatric surgical interventions increased 6-fold, from about 2.4 to 14.1 per 100 000 adults [23] . Accumulating evidence suggests that patients with a preoperative BMI of 40 kg/m 2 are expected to lose 20 to 40 kg within 2 years after bariatric surgery and maintain their reduced weight for up to 10 years [24] . In China, approximately 7800 patients that underwent bariatric surgeries were reported from 2001 to 2015, mostly in the most recent 5 years. Although bariatric surgery is still at an early stage, it is now experiencing explosive growth in China [25] . Thus, the possible effect of bariatric surgeries on semen quality and male fertility is of clinical importance, but the results in the literature are inconsistent; therefore, the present meta-analysis was 104 records identified through database searching 97 articles were excluded with reasons: reviews of fundamental research 7 potential articles retrieved for analysis 6 articles included in the meta-analysis 1 study with insuficient data were ruled out 
Study ID SMD (95% CI) % weight
Prospective study Samavat (2017) Reis (2012) Bardisi (2016) Legro (2015 Although the final positive impact is expected, some negative consequences of bariatric procedures on male fertility were also highlighted in anecdotal reports. A series of 6 patients were reported to experiencing azoospermia, presenting secondary infertility after Roux-en-Y gastric bypass interventions [13] . Another series of 3 cases reported a worsening of semen parameters after the bariatric surgery, including oligoasthenoteratozoospermia [14] . The negative effect of weight loss from bariatric surgery and impairment of semen parameters is likely multifactorial, and several explanations have been proposed. A popular hypothesis is that the rapid weight loss secondary to bariatric surgery, especially for Roux-en-Y gastric bypass, may lead to a relative under-nutrition status, with deficiencies of iron, calcium, and vitamins B1, B9, and B12, which causes diverse deficiencies in spermatogenesis after the bariatric surgery, although vitamin and mineral supplementation is recommended after bariatric surgery [26] . Additionally, the surgery could possibly cause the release of toxic and liposoluble substances in the fatty tissue after the surgery, leading to impaired spermatogenesis [27] . The rapid weight loss could also interrupt the normal gonadotrophin-releasing hormone secretion and cause reproductive disorders [28] . In the present meta-analysis, the main outcome measures, including semen progressive motility and semen concentration, remained unaltered after the bariatric interventions, both in the overall and subgroup analysis stratified by study design and surgical methods. Semen normal morphology showed a slight but statistically significant increase after sleeve gastrectomy, but this was not observed after gastric bypass surgery. Nevertheless, owing to the high variability of sperm morphologic criteria in different hospitals and the relative sample size of sleeve gastrectomy (2 studies, 49 participants) and the high heterogeneity among the included studies, the positive effect of bariatric surgery on sperm normal morphology was not confirmed and needs further investigation.
In a meta-analysis consisting of 24 retrieved studies, bariatric surgery was associated with an 8.7 increase in total testosterone levels, a decrease in estradiol, and an increase in gonadotropins [29] . In our 6 enrolled studies, the 4 prospective studies reported an increase in total testosterone level and a decrease in estradiol level, suggesting a causal relationship between bariatric surgery and hormonal profile normalization. However, we found that semen quality does not change with bariatric surgical procedures. This is in contrast to the hormonal profile normalization, suggesting that a developmental block of spermatogenesis occurred at a point not related to the release of sex hormones in the testis. However, the conclusion that bariatric surgery is unable to reverse semen quality could also partially be interpreted as the inner shortcomings of the present meta-analysis, which are related to the different study designs and methods. Extended Table 1 summarizes the differences among the included studies that could possibly affect the outcome measures, including baseline BMI, time to perform seminal analysis after the surgery, and postoperative BMI, as well as whether physical activity or pharmacological or diet weight loss therapies performed after the bariatric surgery. The level of baseline BMI is positively correlated with the severity of the reproductive and seminal parameters impairment, and this was further evidenced by the fact that only a percentage of the surgical patients had a normal baseline seminal analysis. The gap and difference of baseline BMI associated with possible selection bias could possibly partially interpret the heterogeneity source among the included studies.
Regular physical activity, on the other hand, can improve semen quality in obese males [30] . The heterogeneity in study design further weakened the findings of the present meta-analysis. Thus, the homogeneity of study design, including BMI, and other cofactors that may interfere with the seminal parameters among the differential studies in pooled analysis should be addressed in future studies. The present studies included the results selected for semen parameters before and after the surgery, and there was no comparison with another patient who underwent another intervention. Moreover, another possible bias is the relatively small sample size and the differences in study design and length of follow-up among the included studies. The present study fails to provide a direct link between bariatric surgery and other sperm features, including number of spermatozoa and sperm DNA fragmentation index, and change in capacity to impregnate a woman either in a natural process or in an assisted reproductive program. For infertile couples in which the male is obese that seek medical advice in an infertility clinic, the primary concern is the possible improvement of chances of pregnancy associated with bariatric surgery, when compared to the improvement of seminal parameters. Thus, the results of the present meta-analysis should be interpreted with caution and studies with better study design and high-quality studies, like RCTs, with larger sample size and more outcome measures involved, including conventional and unconventional semen parameters, are warranted for a more precise estimation.
The main advantages of our meta-analysis are the following. First, this was the first systematic review and meta-analysis to evaluate seminal response after bariatric surgery. Second, we performed stratified analyses by study design and surgical methods, which partially explains the source of this heterogeneity among the studies. Third, we performed Begg's funnel plots and Egger's test to evaluate the publication bias, which offers a better understanding of the current status of studies in this field. Thus, we consider the results of the present metaanalyses to be reliable.
Conclusions
In summary, the present meta-analysis indicates that the effect of bariatric surgery on semen quality remains unclear.
Better studies regarding this topic are warranted to further elucidate this issue.
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